A new proposal is given to achieve high degree of magnetoresistance (MR) in a magnetic quantum device where two magnetic layers are separated by a non-magnetic (NM) quasiperiodic layer that acts as a spacer. The NM spacer is chosen in the form of well-known Aubry-André or Harper (AAH) model which essentially gives the non-trivial features in MR due to its gaped spectrum and yields the opportunities of controlling MR selectively by tuning the AAH phase externally. We also explore the role of dephasing on magnetotransport to make the model more realistic. Finally, we illustrate the experimental possibilities of our proposed quantum system.
The study of magnetization dynamics where charge current is controlled by means of magnetization configuration continues to draw venerable attention over last few decades, and interest rapidly jumped up following the discovery of the novel giant magnetoresistance (GMR) effect. In the late 80's two famous scientists, Albert Fert and Peter Grünberg, showed that a large change in resistance takes place through a multilayered structure upon the application of a magnetic field [1] [2] [3] [4] . It has widespread applications in designing hard disk drives, memory chips, magnetic field dependent sensors and to name a few. Thanks to the thin film deposition technique since without its much progress it would never have been possible to fabricate multilayered thin film with almost a monolayer precision for investigating the GMR effect. Though nowadays some other structures are also available like granular material 5, 6 , spin valve 7, 8 , pseudo spin valve 9 , etc., that can exhibit giant magnetoresistive effect. In granular thin film some magnetic moments are randomly oriented and by applying a magnetic field they are suitably aligned. Whereas for the other two cases, viz, spin valve and pseudo spin valve, orientation of one magnetic layer is changed in presence of magnetic filed though the mechanism is slightly different because of the structural policy. Now in all these cases the basic principle is that a large change in resistance (∼ 10 to 70 percent) takes place upon the application of saturation magnetic field. Analogous to GMR, there exists another phenomenon, known as CMR [10] [11] [12] , where a huge change of resistance takes place though its application is highly limited mainly because of the fact that it requires very strong magnetic field (∼ several Tesla).
In magnetoresistive study main attention is being paid on how to get maximum change in resistance due to the application of magnetic field. The greater change in resistance between parallel and anti-parallel configurations of two consecutive layers in a multi-layered structure is the primary requirement for large data storage, and at the same time it allows to read the higher and lower resistance states easily. In absence of any magnetic field when magnetization directions are different in a system, be it a multi-layered structure or a granular material, maximum scattering of charge carriers takes place resulting a maximum resistance. Whereas, in presence of saturation magnetic field the system offers a minimum resistance. These features are well established with considerable theoretical and experimental works [13] [14] [15] [16] [17] . Considering all the propositions available so far in literature, a question may arise that can we think of a device which on one hand will be very small in size, geometrically simple and easy to fabricate, and on the other hand, may exhibit a large magnetoresistance (in some cases it may reach up to cent percent) at multiple bias windows. The cent percent change in MR will be obtained when finite propagation of charge carriers takes place for one configuration of the magnetic layers, while the charge flow gets perfectly blocked for the other configuration. In addition, we want to tune MR externally, without applying any magnetic field. If this kind of device is implemented, which has not been explored so far, then definitely it will boost the magnetoresistive applications in different aspects. The present work essentially focuses on that direction.
We substantiate our proposal with the junction set-up given in Fig. 1 , where the NM layer plays the central role. One key idea is that we need to select the spacer in such a way that the bridging magnetic-non magnetic-magnetic (M-NM-M) system exhibits multiple energy bands and they are arranged, in energy scale, differently with the parallel (P) and anti-parallel (AP) configurations of the magnetic layers. Under this situation cent percent MR can be obtained by selectively choosing the Fermi energy of the system, and this is one of our primary requisites. The other pivotal requirement is that the MR can be tuned externally. Both these two conditions will be fulfilled with the help of an AAH spacer [18] [19] [20] [21] [22] [23] , a quasicrystal, which has been a classic example of gaped systems. Quasicrystals are found to exhibit several non-trivial topolog- . Illustration of GMR in presence of a perfect spacer. In (a) and (b), the dependence of net conductance G (red line) as a function of Fermi energy is shown for the parallel and anti-parallel configurations, respectively, and in each of these two spectra density of states (DOS) (sky blue color) is superimposed. In (c), a density plot is given to describe the simultaneous variation of GMR with dephasing strength and Fermi energy. The effect of θ (we set θi = θ ∀ i) of the free magnetic layer (as the magnetic moments in the other layer are always fixed and aligned along +Z direction) on GMR is presented in (d) for some typical dephasing strengths. The maximum change is obtained for θ = π, as expected. Finally, in (e) and (f) the allowed energy windows for the three different layers are drawn, to have a complete idea of transmitting zones for the two spin configurations. Unless otherwise stated we take only two different values of θ for the free layer to get the parallel and anti-parallel configurations. The other common parameter values are: ǫ0 = 0, t0 = 2, ǫ n↑ = ǫ n↓ = 0, h = 1, N f ixed = N f ree = 10 and Nspacer=20.
ical phenomena that are being considered as newly developed paradigms in the discipline of condensed matter physics. The diverse characteristic features of AAH models make them truly unique over the other quasicrystals, and several spectacular phenomena have already been revealed considering both the diagonal and/or off-diagonal versions through a reasonably large amount of recent theoretical and experimental works [18] [19] [20] [21] [22] [23] . The AAH phases associated with the diagonal and off-diagonal parts, those are tuned externally and independently, regulate the energy band structure significantly, and thus, tunable physical properties are naturally expected.
To make the proposed model more realistic we include the effects of dephasing [24] [25] [26] [27] . It is an important factor that can destroy the phase memory of charge carriers, and thus, it can affect the transport properties. Among many sources the most probable one is the electron-phonon (e-ph) interaction. Now inclusion of this effect has always been a challenging task, and although some prescriptions are available, most of them are based on density functional theory (DFT) within a nonequilibrium Green's function (NEGF) formalism which are too heavy to implement properly and also very time taking 28 . But Büttiker came up with a simple and elegant idea to analyze the effect of dephasing [29] [30] [31] , where virtual probes (voltage) are connected at each lattice sites of the bridging system those do not carry any net current, but they are responsible for randomizing the phases. As this is a classic way to include the effect of different dephasing mechanisms we incorporate it in our present analysis. The main motivation for the consideration of this effect is to test whether the phenomena studied here still persist even in presence of dephasing or not. If they persist, then we will have a suitable hint that the proposed model can be tested in laboratory under different realistic situations.
We define GMR as (G P −G AP )/(G P +G AP ), where G P and G AP correspond to net conductances for the parallel and anti-parallel spin configurations, respectively. For any such configurations, the conductance is determined from the spin dependent transmission probabilities, T σσ ′ , following the Landauer conductance formula 32 G σσ ′ = (e 2 /h)T σσ ′ , where σ(σ ′ ) =↑, ↓. All these components, T σσ ′ , are computed using the non-equilibrium Green's function (NEGF) formalism, which is the most suitable and standard technique to study transport properties. In this formulation, an effective Green's function is formed by incorporating the effects of contact electrodes through self-energy corrections and it can be written as 32 : The spin dependent scattering mechanism exists only in the magnetic layers, separated by a NM spacer, and considering this effect the TB Hamiltonian of the magnetic layer reads as [34] [35] [36] 
, where c † n , c n are the Fermionic operators, and ǫ n and t are the (2 × 2) diagonal matrices associated with site energy and nearest-neighbor hopping (NNH) integral of up and down spin electrons. h n .σ is the spin dependent scattering term where h n is the strength of magnetic moment at site n and σ (= σ x , σ y , σ z ) is the Pauli spin vector with σ z in diagonal representation. The orientation of any magnetic moment is described by the usual polar angle θ i and azimuthal angle ϕ i in spherical polar co-ordinate system. For the NM spacer a similar kind of TB Hamiltonian, apart from the termh n .σ, is used. Now, in presence of AAH modulation, the site energy of the spacer becomes 22 ǫ n↑ = ǫ n↓ = W cos(2πb n+φ), where W is the strength of modulation and b is a constant factor that can be a commensurate or an incommensurate one. For the incom-mensurate AAH model we choose b as the golden mean. The other physical parameter φ in the site energy expression, the so-called AAH phase, plays an important role and it can be tuned externally with suitable set-up 19, 22 . We will critically examine its effect on GMR.
In order to include dephasing effect following the Büttiker prescription we need to couple virtual electrodes, similar to real electrodes, at each lattice site of the conductor. The coupling constant is defined by the parameter η. Now, to have the condition that these electrodes are not carrying any finite current, we have to adjust potentials (V m ) of the virtual electrodes accordingly, such that the voltage drop across each of these electrodes is perfectly zero. That is in principle possible with the application of a finite bias across the contact electrodes S and D i.e., V S = V 0 (say) and V D = 0. Under this situation, the effective spin dependent transmission probability is expressed as 31 :
Before analyzing the results let us mention the values of the physical parameters those are common throughout the calculations. The on-site energies for the perfect lattice sites are chosen as zero, and they are same for both up and down spin electrons. The NNH integral in S and D is fixed at 2, and other NNH integrals along with contact-to-conductor coupling strengths are set at 1. All the virtual electrodes are parameterized identically with S and D, and they are non-magnetic. The strength of magnetic moments h (h n = h ∀ n) and the azimuthal angle ϕ (ϕ n = ϕ ∀ n) are fixed at one and zero, respectively. The number of sites in the fixed and free magnetic layers are referred as N f ixed and N f ree , and we set them at 10. Unless specified otherwise, we choose the atomic sites in the spacer N spacer = 20. All the energies are measured in unit of eV. Now we explain our results. As already stated, our central focus is to achieve a high degree of GMR and its suitable tuning. Before describing the tuning mechanism, let us start to analyze how to get high GMR. The key concept of getting high GMR is that we need to achieve higher conductance for one configuration of the free layer, and most importantly much lower conductance in the other configuration. If this lower conductance drops exactly to zero, then the cent percent change in MR will be obtained. This can be achieved considering the layered structure as illustrated in Fig. 2 . For the parallel configuration, finite conductance is obtained within the range −2 ≤ E F ≤ 2 (red line of Fig. 2(a) ), whereas spin transmission gets perfectly blocked for both up and down spin electrons within the ranges −2 ≤ E F ≤ −1 and 1 ≤ E F ≤ 2 in the anti-parallel configuration (red line of Fig. 2(b) ). Thus, setting the Fermi energy anywhere within these two zones, viz, −2 ≤ E F ≤ −1 and 1 ≤ E F ≤ 2, cent percent GMR will be noticed. The allowed and the forbidden zones of different spin electrons for the two different configurations of magnetic moments can be understood from the energy bar diagrams shown in Figs. 2(e) and (f) . The electron can transmit through the junction only when a common energy channel is found. What we see is that, for the parallel configuration both the two magnetic layers exhibit identical energy zones (−3 ≤ E ≤ 1) through which up spin electrons can propagate, but it gets restricted within the region −3 ≤ E ≤ −2 due to non-availability of any energy channels from the spacer. Thus, −2 ≤ E ≤ 1 is the only allowed zone through which up spin electron can move from source to drain. In the same way, −1 ≤ E ≤ 2 is the allowed window for the down spin electrons. Thus, one can get finite transmission, due to up or down spin electron, in the range −2 ≤ E ≤ 2, among which −1 ≤ E ≤ 1 is the overlap region for both the two spin electrons. This scenario is exactly reflected in the spectrum Fig. 2(a) . When the magnetic moments of the free layer get flipped to make an anti-parallel configuration, the situation becomes more interesting. From the energy bar diagram Fig. 2(f) we can see that only within the range −1 ≤ E ≤ 1 both the two spin electrons can propagate, while all other zones are blocked. This is the key advantage of a layered structure. More and more selective transmitting zone can be generated by combining more number of magnetic and NM spacers, which we check through our detailed calculations, and thus more controlled transmission will be obtained.
Comparing the spectra given in Figs. 2(a) and (b) it is now clear that cent percent change in resistance can be possible by selectively choosing the Fermi energy.
The effect of dephasing is quite interesting. From the simultaneous variation of GMR with η and E F (Fig. 2(c) ), we can see that for a reasonable dephasing strength a high degree of GMR is obtained. With increasing η it gradually decreases, and eventually drops to zero for large enough strength, as expected. Now, to examine the role of θ on GMR, in Fig. 2(d) we plot GMR as a function of θ (which we call as GMR(θ)) at some typical values of dephasing strength. For each η, the change in resistance increases with θ, and it reaches to a maximum when all the magnetic moments of the free layer are completely aligned in the opposite direction with respect to the fixed layer yielding maximum scattering. This phenomenon leads to an important message along with the magnetoresistance that selective spin dependent electron transport can be achieved as well by changing the orientation of magnetic moments uniformly in one segment of the junction.
The results analyzed so far are worked out consider-ing a perfect spacer. Now keeping in mind the possible engineering of GMR, we replace the perfect spacer by the AAH one. As it exhibits gaped spectrum, several energy zones are expected where finite transmission is available from one configuration (parallel), while almost zero contribution is obtained for the other configuration (anti-parallel). This is exactly reflected from the spectra given in Figs. 3(a) and (b) , where the conductance is shown for an incommensurate AAH spacer. Multiple energy windows are seen where conductance drops exactly zero in the anti-parallel configuration resulting a cent percent change in MR, which is not shown in the case of a perfect spacer. For the sake of completeness, we also present the results in Figs. 3(c) and (d) considering a commensurate AAH spacer, and comparing the results we can clearly emphasize that the incommensurate AAH spacer is superior than the commensurate one. The phase factor φ involved in the AAH spacer leads to an important signature in controlling the GMR. In the energy regions where finite conductance is obtained for one configuration and the conductance becomes zero for the other configuration, always cent percent GMR will be obtained, and thus there is no meaning to examine the effect of AAH phase in those energy zones. Therefore, we select E F in such a way where conductance is finite for both the two configurations of the magnetic layers. Here we set E F = 0. From the results given in Fig. 3 (e) we find that a reasonably large change in GMR is obtained by tuning the phase factor for each dephasing strength which leads to an important conclusion that one can selectively choose the phase φ to achieve higher GMR, and most importantly, it can be performed externally 19, 22 . Finally, to test how the results are sensitive to the size of the AAH spacer, in Fig. 3(f) we plot GMR by varying the length of the spacer considering φ = 0 and E F = 0. It exhibits pronounced oscillations providing almost constant amplitude with N spacer , which gives us a hint of choosing the dimension of the spacer for better performance.
In order to realize the model experimentally we can think about a set-up given in Fig. 4 where two magnetic layers are separated by a 2D lattice subjected to a transverse magnetic field B, the so-called quantum Hall system. It is well-known that a 2D Hall system maps exactly to an effective 1D chain where the site energy gets modulated with the factor B. Thus, selectively tuning the magnetic field one can design a spacer in the form of AAH chain, and in principle, can examine the results studied here.
In conclusion, we have established a new proposal to achieve better performance in magnetorestive effect exploiting the unique features of correlated disordered lattice, that has not been reported so far in literature. The persistence of the results even in presence of large dephasing strength gives us a confidence that the proposal can be substantiated experimentally with suitable set-up.
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